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Mycology of Peanut Molds - Southwest 
i H. W. Schroeder 
i 

The problem of aflatoxin contamination in peanuts can and is being 
attacked under two broad action categories. They are (1) preventing 
contamination and (2) preventing contaminated peanuts or peanut pro- 
‘ducts from reaching the consuming public. Of these two approaches, the 
second has been most successful but almost everyone will agree that the 
first category, prevention of contamination, is the most desirable. 
Improved harvesting and conditioning methods have and will continue to 
decrease the prevalence of severe aflatoxin contamination in peanuts 
but it seems probable that the problem will continue unless break- 
throughs in research lead to new and different approaches to the 
problen. ; 


It is my opinion that we have insufficient knowledge of the fungi 
primarily responsible for the production of aflatoxin, the Aspergillus 
flavus group. This group not only includes several distinct species 
but withine the tworspecies that «regularly produce significant quanti- 
tics of aflatoxin, we have a diverse series of strains that vary widely 
iy their ability bo produce aflatoxins and in their relation with 
peanuts and other crops. In our laboratory, we have been studying 
these fungi with the primary goal of determining the relations between 
the diverse strains and particular crops. in our area. Although we here 
are most interested in peanut, the data I am presenting compares our 
data Lrom:peanut with that of three other crops: Cottonseed, Rice, and 
Songnum. § lhese studies) are in the third year but our results the past 
two years have been essentially the same as those of the 1969-70 crop 
weal srcanutesampiles were collected ‘at the shellers and all grades 
including pickouts were included in the study. Our purpose was to- 
study the fungi and every effort was made to obtain low ores samples 
of all four crops. ms 


; 


We found that peanuts are invaded more often by the A. flavus group 
than are the other crops. In our samples, these fungi were isolated 
from an average of 12.4% of the peanut kernels. The percentage of 
infection per sample ranged from 0 to 90%. Of the other-crops, A. 
flavus was most prevalent in rice with an average of 2% infested kernels 
and prevalence ranging from 0 to 65%. (Table 1) 


Aflatoxins were detected in 9 of 56 samples tested (ca 17%). ° The 
concentrations of the toxins ranged from < 2 to 57 ppb with an average 
per contaminated sample of 17 ppb and 3 ppb overall average. In con- 
trast, aflatoxins were not; detected in rice, the crop.in which preva- 
lence of A. flavus was next to peanut. (Table 2) 


- 


Randomly selected isolates of the A. flavus group were tested to 
determine their ability to produce aflatoxin | OF the isolates from 


“peanut, 98%, produced aflatoxin, compared to 90% of the rice isolates. 


peanut isolates also tended to be more toxigenic with many jsolates 
producing 3000 pe per flask while the most toxigenic from rice only 


produced 1100 wes. (fable 3) 


In addition, peanuts were the better substrate of the four crops 

for aflatoxin production. Most isolates irregardless of. theim. fonts 
genicity and of the source from which they were isolated, tended to 
produce more aflatoxin on peanut than on the other substrates. (Table 4) 


When classified according to species, most isolates from peanut 

were A. flavus Clie ee Mee A. tamarii anc 1% were A.. parasiticus. (Table 
In the Southwest, we rind that A- S2avus produces only the B at tae 
toxins and their derivatives. A. parasitic 4s produces both the -B and 

G toxins while A. tamarii has never been found capable of producing 

more than a trace of B- Our most toxigenic strains are in theme. 

flavus species, with some isolates producing very large amounts of 
aflatoxin B 3; although some A. parasiticus strains may produce more 

total toxins (B + G). 


It is apparent from these data that of the major crops in the , 
Southwest, peanut is most susceptible to coutamination with aflatoxin. 
The prevalence of kernels infested with A. flavus is greatest jn peanut 
and peanuts appear to be the best substrate for the production of the 
toxins. Another major factor is that isolates of the A. flavus BEOCE 
associated with peanut are generally toxigenic and have a greater 


average toxigenicity than those of the other crops.’ We therefore 


looked for a unique characteristic of peanuts that could have 4 bearing 


‘on this phenomenon. 


The most obvious difference between peanut and the other crops is 
that peanut fruits develop in the soil, while the seed of the, others 
are borne on aerial portions of the plants. a 


The A. flavus group is commonly found in soil. . Information on Les 
prevalence in the soil and its relation to peanut culture is quite 
limited. it is difficult to find broad principals that apply to such 
aspects of soil microbiology because of the great yariability in soil 
types, soil composition, and in all the other factors that affect the 
soil environment. However, it seemed probable that the soil serves as 
a reservoir of A. flavus inoculum and thus has a primary effect on any 
future contamination with aflatoxin of crops grown in that soil. 


As part of our cooperative effort with the Texas Agricultural Exper 
iment Station, we have been working with Dr. R. E. Pettit, TAES on this 


< 





aspect of the problem. Starting in May of 1971, Dr. Pettit has been 
sampling soils at six sites and three locations. Samples are taken at 
depths of 1 to 2, 5 to 8, and 10 to 12 inches at each site and intervals 
of one month. Counts of the mycoflora of each sample are made by the 
dilution plate method and cultures of the A. flavus group are trans- 
ferred for further study. Our part of this experiment is to test the 
cultures to determine their ability to produce aflatoxins. 


Although the study has not been completed and the data has not been 
analyzed, several definite trends have appeared. Counts of A. flavus 
were low in all soils in May but increased during the summer, peaking 
in August and September. A. flavus increased more in soils planted to 
peanut than in soils planted to the cereals. These fungi remained 
almost completely absent in soils of one site that, had been in.grass for. 
‘many years. Generally, A. flavus populations decreased as depth of: soil 
increased. 


Cur studies of the cultures isolated from the soil showed that most 
cultures produced aflatoxins regardless of location, site or depth of 
soil. <A partial summary of our results indicates that 96% of the iso- 
lates produce aflatoxins in detectable amounts in our test procedure 
and 34% can be considered as highly toxic, producing at least 1000 ig 
of B, per flask. The average amount of B, produced per culture 
exceeded 1000 yg per flask, indicating an overall average high toxi- 
genicity of these cultures from the soil. By species the distribution 
is 78% A. flavus, 6% A. parasiticus, and 16% A. tamarii. Comparing 
these figures with the data obtained by testing isolates from peanut, 
we find them in very good agreement. Thus, it appears that the soil is 
theschief ssourcejor A. flavus inoculum for peanuts.) Moreover, referring 
Backetosourm study of A. flavus from rice, only 20% of the isolates were 
toxin-producers. Since rice is grown in flooded fields and combined 
when the soil is still wet, rice seldom comes in contact with soil 
particles, yet newly combined rice is usually well dusted with A. flavus 
spores. I suggest the most probable source of these spores is the 
dead plant parts of the rice. This suggests that the soil as a medium 
tends to favor the retention and propagation of toxigenic strains of 
the A. flavus group. The final point I wish to make is that prevention 
of aflatoxin contamination in peanut should start with controlling the 
inoculum level in peanut soils. Moreover, crop rotation appears to be 
one of the methods by which inoculum may be decreased. 
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Prevalence of species of the Aspergillus flavus group {isolated from seed of 
four field crops in 1969 - 70. : 


Cigege | Ree ee eee ee eri 


Aspergillus flavus group in seed . 
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Peanut 56 12.4 0 
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Mycology of Peanut Molds - Southeast 
Richard J. Cole 


A four phase research program at the National Peanut Research 
laboratory designed to evaluate the presence or absence of new po- 
tential mycotoxin problems on peanuts has been in effect for the past 
two growing scasons. The program consists of (1) screening peanuts 
for actual and potential microbial contamination, (2) evaluating the 
mycotexin producing potential of these isolates, (3) purifying the 
metalclites respansible for toxicity and (4) characterizing the me- 
tabolite(s! as to its chemical structure. The major objective of 
this progr: is to determine if any potentialiy new mycotoxin problems 
exist on peanuts and to thus enable an accuret= evaluation of the 
presence or absence of these mycotoxins in fosd.or feed supplies.’ 


A mycotoxin producing mold, identified as Penicillium verruculosum, 
was detected on peanuts that were part of a test concerned with the 
effects of various relative humidities on stored peanuts. Extracts of 
the mold culture produced severe tremors and acute toxicity in one-day- 
old cockerels. The 1.P. LD5g of the purified mycotoxin was 2.45 mg/Kg 
in mice and 15.20 mg/Kg in chicks. Orally administered LDsg values 
for the toxin were 126.7 mg/Kg in mice and 365.5 mg/kg in chicks. The 
trivial naue 'verruculogen" is proposed for this tremorgenic mycotoxin. 
Physical and chemical characteristics of the tcxin have demonstrated 
that it differs from the other known tremorgenic compounds. 


An extremely toxic isolate of Fusarium moniliforme Sheldon was 
found as part of a screening study by Dr. Ben Doupnik and Dr. John Peckham 
at Tifton. In co-operative studies we isolated the major toxic metabo- 
lite. The toxin was a crystalline water soluble compound with an LDsq 
of 4.0 mg/Kg in one-day-old cockerels dosed orally with an aqueous -solu- 
tion of the toxin. This is approximately the same level of magnitude as 
erlatoriin soa inecur chick bioassay. In addition to vertebrate toxicity 
the metabolite demonstrated growth regulating and phytotoxic effects on 
higher plants. Foliar application at 2000 and 200 ppm on corn and to- 
bacco plants produced necrosis, interveinal chlorosis, stunting and other 
morphological irregularities. At 200 and 20 ppm cucumber roots were in- 
hibited 68 and 19% respectively. Wheat coleoptiles were inhibited 57% 
and 24% at 200 and 20 ppm. Chemical and biological data suggest a struc-— 
turally new growth inhibitor with potential utility as a chemical pruning 
agent. These studies were performed in co-operation with Dr. H. G. Cutler, 
Research Plant Physiologist at the Coastal Plain Experiment Station in 
Tifton. Future co-operative field studies on effects of this metabolite 
on peanut, cotton and tobacco plants are anticipated. 
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proposing that virus carryinpe strains ijeithe! onl ys tuaisis aoe 
the A. flavus group that’ produce ailatouinss © My meplyswasa thar 
the bulk of the é€vidence indicates a simpler genetic basis for 


aflatoxin production. “The burdem of proofidiies wii. the propenents 
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Field Studies - Prevention on the Farm BA 
Genetic Resistance-Natural Inhibitors 
3 
W. K. Bailey 
{ . 

Peennt pods and. seed develop in tha soil in a veritable microbio- 

Premio syiyele. and anany of the members of this miniworld can invade 
Pete oe eel Order to survive and to develop to- maturity in‘ the 
Sole. peavit pods and sced mist be endowed with a wide range of’ charac- 
Poet eee ced GT Ciablc them to, resist invasion by- the microorganisms, or 
Sera esther doveloament 1f invasion occurs. Apparently sound 
Peo weno iat G® apparently sound pods are invaded by numerous funei 
Meu eraeierin.. Foriwuaately, under most circumstances these invaders 


’ 


res Peeecceutaad cay be described as nonpathsvenic inhabitants: 
veer wand tacterigl invasion begins éarly in the life of the 
Heese fruit. the microbial population is a dynamic one, changing 
im tech components and their prevalence as fruit development proceeds. 
Tre-rventiy Asporaillus flavus is among these nonpathogenic invaders of 
Powe iegts. A. tiavus has been reported in elongating pegs before 
Ges remece the soil. Larly invasion of developing p2es and peanut fruit 
by “%. flevus is mot necessarily a cause for alarm. Regardless of when 
Imwiion eccurs, 4. flavus usually remains quies scent during the develop- 


mes & sand tn ete ae of the pods and sced, and subsequently during 
Cioime provided seed moisture is reduced at a steady rate to a level 
Mies Sate for bulk storage. 


Natural inhibitors doubtless. are res ponsible for the failure of Ar ft Vaiss 
to proliferate and produce aflatoxins during fruit development and mat- 
bation, and during curing under favorable conditions. These natural 
inhifitors mizht be an attribute(s) of the peanut fruit tissue, or their 
origin might be one or more of the other microorganisms that inhabit: the 
fruit either by production of metabolites or by competition for nutrients. 
- pert 
I shall review briefly some of the highlights of research that has been 
undertaken to provide us with a better understanding of the nature of 
these assumed natural inhibitors of A. flavus in peanut fruits, and to 
@erermine whether certain Ae Rt LS might be more effective than others 
in inhibiting invasion of pods and seed dy the fungus or in insuring 
that the fungus remains quiescent if invasion occurs. ” My discussion 
Will anvolve results of research by our own staff in cooprration with 
Auburn and Oklahoma State Universities, and research carried out under 
prants or cooperative agreements with Texas A & M, Colorado State, New 
Mexico State, and North Carolina State ieeerote ree Virginia Patyrechnic 
Iustitute and State University, and the University of Florida. . 
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In Colorado peanuts were grown under nearly germ-free conditions and the 
developing fruits were inoculated with A. flavus and a number of other 
funpi singly aid in various combinations. The pods and seedcoats were 
successfully inoculated with A. flavus, but the embryo proper resisted 
invasion by the fungus. Naked embryos inhibited the development of 

A. flanis. when grown on heavily inoculated agar media. Inhibition of 


another (unguse ies choderma viride, under similar circumstances was 
even mene estrahine than for A. flavus. 


In subsequent research at Las Cruces, New Mexico, the existence o@ this 
kb, 


inhibirion of A. flavus by fresh naked embryos was confirmed. Four 
inhibiiors of A. flevus have been detected in the acetone extract of 
cotyixions of Treshly harve -sted peanuts. Three of the chemicals appear 
to be scidic phenolic-type compounds, and the 4th appears nonacidic. 
Repce fed -effortcs to detect such inhibitors “in dried seed were unsuccess- 


ful. Avi louus yeadily.colonized the intact surface of dried seed and 
seedceats therec£, but did not colonize uninjured cotyledon tissue of 
3 botanical vazsieties of peanuts when growing on an agar medium. Broken 


picces of cotyledons of dried seed were heavily colonized by A. flavus. 


Perhaps the presence of these inhibitors in fresh embryos might be a 
partial explanation for the findings af several anvestigators thar 
aflatoxins are rarely found in fresh peanut sced that are high in ‘ 
moisture regardj*ss of drying conditions. And the apparent absence af 
such inhibitors in dried seed might explain, in part, the increased 
vulnerability of peanut seed of about 30% and lower moisture, to con- 
tamination by aflatoxins under adverse drying conditions. 


In Texas a high proportion of peanut seed was. found to contain Bacillus 
subtilis growing both within and between cells in subepidermal cotyle- 
donary tissue. Efforts to grow germ-free peanuts in Colorado were 
successful until plants were about 50 days old, at which time B. 
subtillis appeared from an as yet unexplained source. There is some. 
evidence that 5B. subtilYis might be systemic in peanut plants. This 
bacterium is a known antibiotic producer and has been reported to act 

as an antifungal agent. B. subtilis was found to reduce pod and seed 
invasion by A. flavus when plants were grown under gnotobiotic con- 
ditions, Bs “subtilis also reduced A. flavus colonization of flower 
parts, which might be a source of the fungus that invades pegs before 
they enter the soil. Our financial support of this research in Corerau] 
is scheduled to end next month because of lack of funds, with many 


intriguing questions still unanswered. 





Although seed of present varieties of peanuts have characteristics 
that inhibit invasion by A. flavus and inhibit proliferation of the 
_fungus when invasion does occur, all of our commercial varieties under 
certain ciremnstances are highly vulnerable to contamination by afla- 
toxins. An urgent need exists for the development of desirable com- 
mercial varieties that are more resistant to A. flavus than varieties 
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now grown. Research towards such an end began in 1968 in cooperation 
with the Alabama Agricultural Experiment Station, with funds made avail- 
able by the Department of Health Fducation and Welfare. Results have 
been cncouraging, but not yet conclusive. We have found that recently- 
cured lhand-shelled dry seed of certain peanut genotypes resisted 

invasion by hs flavus when the seed were reimbibed to about 35% moisture, 
heavily inoculated with spores of the fungus, and incubated at. 25°C for 
7/odays in petri dishes under circumstances where they gradually lost 
moisture. Seed of other genotypes handled in a similar manner were 
heavily invaded by the fungus. Comparably handled seed of commercial 
Val @etiesswere jntcxmediate in their response. Genotypes that we 
claseiiy as resiectart generally show from 0 to about 10% of seed invaded 
im sharp contrast t» the highly susceptible genotypes with 80 to 100% 
invastan, and stencsrd commercial varicties ranging from about 40 to 60%. 


> 


These eifferences s2ong genotypes in seed invasion have been found to 
be his“ily reproduc.wle when the plants are harvested near optimum 
tiaturtiy, Resistunse tends to break down when digging is delayed 
severe: weeks beyorid optimum maturity.- The two most resistant acces- 
sions, Vaiencia tyre peanuts from Argentina, have shown a consistent 
low lewot of seed savasion through 4 generations, with little evidence 
of segrepation for resistance among individual plant selections. 
Anothes accession, # Virginia type from India, has shown moderate 
resistence through 4 generations. 7 


The néture of this resistance has not been determined. However, cir- 
cumstsntial evidence indicates that intact seedcoats probably are 
involved. When the seedcoat of seed that resisted invasion was pricked 
Welftenenecdie, A. tlayus developed rapidly in the area of the injury. 


Results from a similar screening program begun in Florida in 1970 
confirin the Alabama results. Several Florida breeding lines have. shown 
Signiidcantly lower levels of seed invasion by A. flavus than seed of 
comuercial varieties. Florida plant pathologists have postulated that 
an intact seedcoat is required for this tolerance and appears to 
function as a mechanical barrier to penetration by the fungus. 


Results of some unrelated research in Oklahoma might have implications 
in relation to the nature of this resistance or tolerance of seed of 
certain genotypes to invasion by A. flavus. Young developing embryos 
of peanuts are surrounded and nourished by endosperm that is richly 
endowed with potent growth promoting substances. Until recently 
mature seed of peanuts were considered to have no endosperm, or at 

most just a few crushed remnants of cells between the seedcoat and the 
cotyiledons. Recent research at Oklahoma State University indicates 
tigi ao maturity the surface of peanut cotyledons is covered completely 
by a single-cell layer of endosperm. If this is confirmed, we should 
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consider the. possibility that in’the pricking or abrading of seedcoats 
---in Alabama and Florida, cells of the cotyledons might have been injured 
sufficiently to give the fungus access to tissue below both the seedcoat 
and the endosperm. 5 


We need to identity the nature of this resistance so that we can know 
what we are working with and what to look for in future screening to 
identify a greater degree of resistance than that now available. Towards 
such an end we are negotiating with Texas A & M University for cooperative 
research on biochemical and structural components in resistant and sus- 
ceptible peanut genotypes as related to seed invasion by Aspergillus 
flavas. This research is in cooperation with the Departments of Plant 
Sciences and Biochemistry and Biophysics, and will involve a research 

teaa sonsisting of a plant physiologist, a biochemist, and a plant path- 
olusist, In this research an attempt will be made to relate biochemical. 
structural, ‘and ultrastructure characteristics of seed of diireren. 
genotypes at different stages of development, including fully. mature 
secc:, to extentr of seed invasion by A. flavus. : ; 


Thirty accessions of wild Arachis were included in our screening 
- operations in Alabama. In an initial test, seed invasion ranged from . 
0 to £904. Five accessions showed invasion no higher than 10%, and 6 
showe 100% invasion. Contrary to the experience with other crops, 

we haxe found little usable genetic resistance to pests in cultivated 
peanuts. Certain wild Arachis. species have shown high resistance or 
inmamity to several major diseases and to northern rootknot nematodes. 
The wild Arachis accessions that have these highly desirable attributes 
cannot be crossed successfully with cultivated peanuts. 


Intensive cooperative research to remedy this situation is under way at 
Oklahoma State and North Carolina State Universities. A new grant.is 
being negotiated with N. C. State under which we would continue for 
another 2 years our financial support for research on the development 
of pathways of gene flow from wild species of Arachis to cultivated - 
peanuts. Success in this basic research could have important impli- 
cations for our problem with aflatoxins in peanuts, if we find immunity 
to A. flavus in any of the estimated 300 accessions that are present 

in this country. 


We are uncertain as to just how useful resistance to A. flavus of the 

"sort detected in cultivated peanuts might be under conditions of com- 
mercial production of the crop. However, crosses have been made 
already between the most resistant and the most susceptible genotypes 
to determine how resistance is inherited. And crosses have been made 
between the most resistant lines and our most productive varieties and 
- advanced breeding lines of the 3 major market types in an effort to 
develop desirable commercial varieties with tesistance to A. flavus. 


Meanwhile extensive screening of new genotypes for resistance continues. 
Thus far some 500 genotypes out of an estimated 5,000 to 6,000 have 
been screened. The number of new peanuts that we are screening each 
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year probably does not exceed the new penotypes that are being devel- 


oped each year by breeding in this country and abroad. Consequently 
i B ‘“ * ’ 
we urgently need a more rapid procedure for screening for resistance. 


In our search: for resistance we are exploring to what extent the 
resistance detected in the dry seed might be operative in seed inside 
freshly harvested pods that are losing moisture under conditions that 
earceconducive to proliferation of A. flavus. kesults thus far indicate 
a relationship, but findings are not yet conclusive. 


In Virginia where a study is being made of the role of pod exudates in 
colonization of fruits by A. flavus, conidia in soil adjacent to intact 
pods jsiled to germinate, but conidia in soil adjacent to injured pods 
germiiwated readii:. In most of the work reported herein, resistance to 


A. flavus appears to be associated with physically intact tissue. 


Unless some new type of resistance or immunity is found, it seems 

Hever enlecovenpect A. flavus eresistant varieties,to solve our afla- 
toxii: »roblem completely. However, if use of resistant varieties could 
be couisined with avoidance of fields that are aflatoxin prone, avoidance’ 
of crugping patterns that might predispose the crop to aflatoxin con- 
taminetion, digging at optimum maturity, gently removing pods from 
plants at the time they are dug, and drying the pods in such a manner 
that ali pods in a given lot will be losing moisture simultaneously, 
aflatexin contamivation of peanuts that reach the market would be 
Peau@iue tora Leveliwellibelow that of the past few years. In fact, in 
my esfimation, resistant varieties plus precision use of the above 
procedures with our entire crop could largely eliminate aflatoxins in 
peanuts that go to market. 
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-- Field Studies-Prevention on the Farm 
Harvesting, Drying, Curing Practices 


Jie 2st Bieler 


Harvesting peanuts at optimum maturity may be one way 
of yeducing the risk of aflatoxin contamindugon. “Today; 
however, there is not ia good ‘objective measure! of Ge ee 
mining when to dig peanuts. Cooperative research with MQRD 
has been coulueted for two years in this area. “Ewo methods, 
which are fast and simple jare being vested furthers Baas 


one, the electrical impedance at 5 and 500,000 hz is, 
measured an? the ratio calculated; Kor thessecond umetncday 
the freshly harvested peanuts are ground in methanol, 


filtered and the light transmission at 450 mp measured. 

Both of these methods show promise and hopefully one of 

them can be further developed to provide the farmer with 
the ansxer of "when is the optimum time to dig". 


There has ‘been some evidence to Andicate thar aflatoxin 
may, under certain conditions, be present at) theme 
peanuts are dug. Cooperative “studies with MQRDeswere se: 
up to see whether conditions ‘known Wooproduce sel tacoma 
under laboratory conditions’ would sproducesd taingimencow 
prior to digging. A section of the flela wes ?coVvered saan 
a polyetnylene tent and the following treatments appi7e. 

1) normal conditions (no cover), 2) high soil moisture 
maintained by adding water for 4-weeks prior to digging 

(no cover), 3) drought conditions with no-water applied. 
for 4-weeks prior to digging, and 4) drought conditions 

from 4-~weeks to l-~week prior to digging, then, high‘'soil 
moisture maintained until digging.” High rainfall ear 
tained a soil moisture of 8-11% for treatments 1 and 2. 

Soil moisture for 3 and 4 steadily decreased until the 

end of 3-weeks when moisture was added to treatment 4 | 
bringing the moisture up to about 9% where .it was maintained | 
until digging one week later. Although these conditions 
would be expected ito produce aflatoxin, "none of themida. 


Propionic, propionic-acetic acid and dichlorovos 
were applied to inverted Spanish peanuts immediately after 
digging. Rates of 5- and 10-pounds per acre of the acid 
were applied and rates of 1, 2 and 4-pounds per acre of 
dichlorovos were applied in each of 2 liquid formulations 
and one granular formulation. Residue samples were taken 
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- immediately oe apain at the end of 2 heurs. Aflatoxin 
samples were taken at the end of (BGaysa so ene: results? were 
menconclusive as no aflatoxin was found in any sample, 
gneluding the check. 


Rata cilonie and propionic-acetic ‘acid were applied to 
freshly harvested peanuts which were held for 5 days with- 
CUuUmanying. ~Under these conditions, they were ineffective 
in preventing aflatoxin. The various treatment levels, 
meneloeetromi/o% to 1/22, had aflatoxin ranging from 
156 to 405 ppb. 


Vsing Cod eo on es fan andex Of the deterioration 
raves the raté increased by 45% for each 10°F temperature 
chenze between 65 and 85°F. Peanuts innoculated with 
Wee Pewilog (initial m.c. 55%) graded regregation IIiv after 
dl@ and 106 nours exposure to 64 and 80°F respectively. 





Peauales sot une spronwtn of A. flavus on peanut seed 
with varying, degrees of hull damage show greater infection 
Pamoecon ll Camaccd pods. seed from invisibly damaged pods 
More s2uiCsa idomsuscepLible as those from visibly: damaged 
pods. 


The development of a harvester fdr green peanuts is 
POUT ebOtmvacC titton and Holland. Such a harvester 
woudcdseliminate the field exposure and its attendant 
aflatoxin risk. Although efficiencies as high as 96% 
-were obtained at Holland, efficiencies ranging from 85% 
upward were the more common at Tifton. Damage in both 
‘mechanisms is comparable to that of hand picking. 
Additional work needs to be done on separating ue 
for.sthese. nf 


For a green harvester to be practical, the dried pro- 
mOUGLMIMNUSL DEsacceptable. Work at Tifton (cooperatively 
“with MQRD) indicates that programming for 120~F exposure 


Mecimneupart or the drying cycle may give* better flavor 


development than the 95°F maximum now observed. 


r 
i. 
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Discussion: (W. Waites 


QUESTJON: At one time you were pessimistic about the prospects for 
development of peanut varieties that are resistant to oi flavus. 
How do you feel now about prospects for such a development? 


ANSUER: In 1968 when we initiated research to develop desirable com- 
mercial varieties of peanuts. with resistance to Aspergillus flavus, I 
was pessimistic about success. However, we have detected “apparentas 
resistance to A. flavus in two Valencia type peanuts introduced from ‘* 


Argentine. This has .changed my outlook to -the extent that now I am 
confident that improved varieties of peanuts with resistance to A. flavus 
can be @eveloped. Breeding work is underway already to incorporate the 


resistanve in these Valencia peanuts into desirable commercial varieties 
of our J major narket types of peanuts: 4 


However, with tue sort of resistance detected thus far, other procedures 
for minimizing aflatoxin development would need to be used along with 
resistant varieties if such varieties aie to have a major impact on 
aflatoxin contamination of peanuts that go to market. We need immunity 
or near Eamunity to A. flavus in varieties before we can safely.dispense 
with cultural and handling procedures that suppress the fungus. The 
search fer higher levels of resistance or immunity to Av flavus ioeanes 
linportant aspect of our continuing research on this problem. . 


QUESTIONS: *Has eny work beensdone to develop peanut varieties with a 
determinate fruiting habit to lessen the range of maturity among pods 

at digging? What are the prospects for future deve]opments of this sort? 
Are any chemicals available that can be applied to peanut plants to 
lessen the range of maturity among pods at digging? 


ANSWER: A major objective of every peanut breeding program in this 
country during the past 40 years has been the development of improved 
varicties that produced pods that were more nearly the ae age at 
digging. Little success has been achieved thus far andthave no personal 
knowledge of developments that signal a major ee of -thisvsor: 
in the near future. 





There have been rumors during the past 2 or 3 years that one of our” 
private peanut breeders has developed a productive new variety with a 
somewhat dwarf habit of growth that might produce pods that are more 
nearly the same age at digging than our standard commercial varieties. 


I have not seen this new peanut and consequently am not in a position 
tovdiscuss tts 


A number of growth regulating chemicals have been tested on peanuts 
during the past several years, some with the objective of preventing 
new pods from developing late in the growing season. Several of these 











chemicals are growth retardents, and under certain conditions have been 
found to reduce excessive vine growth late in the season. However, I am 
unaware of convincing experimental evidence that these chemicals reduce 
the proportion of immature pods at digging and appreciably increase the 
market grade of the cured crop that goes to market. 


We have cooperative research underway in Texas that seeks among other 
things to identify the chemical reactions that control peg elongation 
and pod development, and then to develop procedures for controlling 
these: reactions at will under field conditions. Identification of the 
reacticgs that control peg elongation could facilitate development of 
practical procedures for controlling the reactions. Insofar as I am 


aware, vur man in ‘exas is the only plant physiologist in the country 
- who is devoting fil time to research on peanuts. 
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Discussion: So (dee Leebubter) 

; 
Considerable interest was expressed in the methods 7 
of measuring maturity. Although there are other methods, 
such as oil. index, currently. being used; to ounykgow. 
ledgesnone are Gesigned for use on freshly dug peanuts. 
whe two methods reported are for freshly dug peanuts and | 
the results can be had within one hour. Thus,, there 
is no likelihood of the peak maturivy passing between 
the time the sample was taken and getting the results 
back. With other methods which require normal drying . 
or the peanut before Vestine, this can readily happen. 


The method utilizing the light transmission through a | 
methanol extract requires using a kitchen-type blender | 
torerund: vne resi ly harvested peanuts in methanol, | 
cooling to about 250° R , filtering and measuring the | 
‘light transmission. An inexpensive (about $60.00) 
abridged spectrometer can be used, or the sample may 

pe visually checked against a known standard. ; 


The method utilizing the ratio of impedance at) ue 
quencies of 5 and 500,000 H requires a means of | 
loading the freshly dug sample of peanuts to a known 
compression, measuring the resistance at each frequency 
and calculating the ratio. This method is based on the 
change in moisture concentration within the peanut as | 
it approaches maturity. By utilizing these widely diffe 
ent frequencies, the changes in the ratio are indicative. 
of the changes in moisture concentrations. 
The Research Committee expressed desire in a continu- 
ation of the application of mold inhibitors to peanuts 
in the windrow. These will be intensified with 

adequate residue samples. . 


¢ 

Much interest was also expressed in the "green" 
harvesting process. This would allow complete control 
of the drying process and would virtually eliminate 

the chance for aflatoxin contamination. Research 

on mechanisms for harvesting will be continued and ' 
additional experiments for drying the green harvested 
peanuts are planned. ; 
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STORAGE STUDLES 


C. E. Holaday 


In our expericnce we have found that the major causes of molding 
aud aflatoxin production in peanuts is the rewetting of dried peanuts 
followed hy poor drying conditions and storing improperly dried pea- 
nuts. Even when a load of peanuts is dried to an average moisture 
content of 8% or lower, if the load contains very many immature pods 
molding may occur since the immature pods do not dry down to the same 
moisture level as the more mature pods because of a much higher initial 
moisture. The effect of rewetting on molding is illustrated in Table 
i. 0 the two main considerations in storing peanuts are: (1) store 
in 3 bin or ho.se well protected from the weather particularly blowing 
rain and (2) wexe sure peanuts are properly cured with a minimum. of. 
immature pods. aL oan . : 


The storage studies at the National Peanut Research Laboratory 
are cooperative efforts between the Transportation and Facilities and 
the Market Quality Research Divisions. ‘The Market Quality Research 
Division also dees special cooperative studies with the Agricultural 
Enginecring Research Division. We have underway three studies on stor- 
age. The first of these is a cold storage test in which shelled pea- 
nuts are storec: in two types of containers at four humidities and at 
a constant temperature of 35° F. The purpose of the study is to deter- 
mine the ideal humidity and container for best quality maintenance of 
shelled peanuts in cold storage. ‘Table 2 shows the treatments used 
in this study. Under these conditions, of. course, you would not ex- 
pect aflatoxin contamination nor have we found any, but we have seen 
"Rhizopus sp." mold on peanuts with high moisture in refrigerated stor- 
age. 


As many of you are aware in the last two or three years some ‘shellers 
have been rewetting their peanuts prior to shelling in order to improve 
milling efficiency. This practice can cause serious aflatoxin contami- 
nation unless precautions are taken. In order to acquire data on this 
type of treatment a study was designed to test two methods of rewetting 
peanuts. One was by spraying tap water on peanuts moving on a belt and 
the second was by aereating peanuts continuously with high humidity air. 
Table 3 shows the test schedule for the first rewetting method. The 
original moisture was 5% and at the rate of 1/2 ga. of water/min., the 
moisture was raised to 7 1/2 % and at 1 gal/min. rate, the moisture was 
raised to 10 1/2%. The flow/rate of the peanuts was 1 ton/hr. After 
remoistening the peanuts were stored 24 hours before shelling. There 
was a significant decrease in splits; but also an increase in bald-face. 
Our preliminary results indicate that milling quality was not improved 
sufficently to warrant the increased risk of aflatoxin.contamination 
and the additional cost of the added moisture. Another point should 


e mentioned and that is that this study was made during the late fall 
when the temperatures were 60°F and lower. This may be factor with re- 
gard to the absence of molding. ‘ 


The other method of conditioning farmers stock peanuts before shelling 
involved aereating the peanuts with high humidity air for two weeks. 
Table 4 shows the test schedule for the second remoistening method. Mold- 
ing occurred in those aereated with 82%, 86% and 90% relative humidity air 
and aflatoxin was found in the peanuts from the 904 relative humidity 
treatment. Other quality factors such as flavor and free fatty acids 
were also affected adversely with this type of treatment. Plans are to 
run both these tests again this year during the warmer months to deter- 
mine the effect of higher temperatures. 


& third study this past year was concerned with the determination 
of the best conditions for long term storage of farmers stock peanuts. 
Table 5 stows the schedule of tests. -In the first 3 tests air at 60- 
75% xehative huaidity is passed through the peanuts. In the last 3 tests, 
which'are the controls, no air is passed through. The.60-75% relative 
humicity range was chosen because in a previous study in which several 
relative humidity ranges were compared, peanuts from the 60-75% relative 
humidity treatment had the best quality. Aflatoxin analyses of the pea-~ 
nuts were made throughout the tests. In all cases the tests were nega- 
tive. The prelisinary results indicate that the milling quality was im- 
proved over the controls and that other quality factors such as flavor 
were aoout the same. 


In conclusion, I would like to say that at the National Peanut Re- 
search Laboratory we are making every effort to carry out a research 
program to solve the more pressing problems of the peanut industry with 
regard to mycotoxins and peanut quality measurements, maintenance and 
enchancement. We are continuously improving our research capabilities. 
Just recently we have put into operation 5 environmental chambers for 
small lot storage studies. We welcome all ideas and suggestions from 
industry on how best to serve them. 


a OF 
Ring 











a3 
TABLE 1 
EFFECT OF INITIAL MOISTURE LEVEL ON AFLATOXIN 


CONTAMINATION IN HIGH HUMIDITY TREATMENTS 





PERCENT SAMPLES WITH AFLATOXIN 





MOISTURE 
Chaweb. ) SPANISH RUNNER FLORIGIANT 
d, % eee 
> 30 3 2 1 
25-30 oa 1a, 1 | 6 
20-25 | fe 5) a (zee 6 
15-20 ; 33 9 | aaa 
< 15 29 8 | 5) 
Overall Average 24 6 | | | 4 
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TABLE 2 
SCHEDULE OF SHELLED STOCK STORAGE TESTS i 
Test Number Percent Humidity Container 
ST-1 45 - Bin 
ST-2 3 | 45 Bin 
ST-3 45 Burlap bag 
ST-4 45° Burlap bag 
ol=5 55 Bin 
ST-6 55 Bin 
S¥-7 E55 Burlap bag 
vi-8 EY AIG. 255 . Burlap bag 
St-9 | ie 65m Bin 
SE-10 65a ee bat : 
Sf-ll .” 65 ‘ Burlap bag 
BF-12 65 Burlap bag 
SP-13 | 80 Bin 
ST-14 80 Bin 
Sr-15 80 Burlap bag 
SE-16 | 80 Burlap bag 


oe : — 


“1/' Duration of all tests approximately one year. Bins have 
low flow aeration. All tests to be sampled once each 
3 months for quality measurements. 


TABLE 3 


FARMERS STOCK CONDITIONING STUDY 


ORIGINAL FINAL PEANUTS 
MOLSTURE MOISTURE FLOW RATE 
7 2 ; : 
; 
5 Jaly2 1 ton/hr 
5 10 1/2 1 ton/hr 


NOTES: No molding or aflatoxin 
Decrease in splits 


Increase in bald-face 
Peanuts stored 24 hrs. before shelling 


\ oo 
TABLE ¢ 
- EFFECT OF RELATIVE HUMIDITY ON THE MOISTURE 

CONTENT OF THE VIRGINIA-TYPE PEANUTS 


oft 


ee re Ah 
FIRST SERIES SECOND SERIES 
RH MoTsTURE 2/ RH MOISTURE 1/ 
CONTENT CONTENT 
KERNELS HULLS ' KERNELS HULLS 
A Pe & Na etal OY 
Bolo heb 1756 Rega) othe ap! 0 uixe 77 
77 at 14.6 g2 2/ 9.7 1517 
64 6.5 ss 69 7.6 10.8 


a/ Av. of 6 samples. Initial moisture about 52% 








-2/ Molding 
N: . LABLE 5 


| SCHEDULE OF FARMERS' STOCK STORAGE TESTS 


‘ee: 


D -60-75% . 

2 | 60-75% 
3 60-75% 

| 4 None 

5 None 


S- ; - None 
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Storage Studies 


aw: Dickens 


' Field studies in cooperation with the Peanut Administrative Committee 
and with individual shellers have shown that Aspergillus flavus. . 
growth occurs during storage of farmers! stock peanuts.. Production 
of aflatoxin during storage of farmers' stock peanuts is causing a 
serious problem with aflatoxin in shelled peanuts. 


ventilation. Many warehouses have “no provision pe ventilation. Con- 
densate forms om the underside of the roof «nd drips on the peanuts 

or forms on sidewalls and wets the peanuts. «Leaking roofs, improper 
apptication of- insecticide sprays, collection of water in dump pits 
and storage of peanuts in new facilities with damp concrete floors 
were cited as other causes of aflatoxin production in farmers' stock 
peanuts during storage. Samples of molded peanuts were taken from 
storage which contained up to 4,000 ppb aflatoxin. 


The importance of proper storage of farmers’ stock peanuts was illu- 
strated by a series of slides showing A. flavus growth on peanuts 
inneculated with A. flavus and stored at 20%‘moisture for 23,0850 740 
and 32 hours. Aflatoxin concentrations in the samples at the end of 
these storage periods were 0, 150, 416 and 2,177 ppb, respectively. 


Possible inadequacy of fungicide sprays to prevent A. flavus growth 

on farmers' stock peanuts was demonstrated by a photograph which show- 
ed good control of A. flavus growth on the surface of peanuts pods 
dipped in a fungicide solution although there was extensive A. flavus 
growth inside the pods. Another slide showed excellent control of - 
A. flavus growth on farmers' stock peanuts with storage. atmospheres 
containing high concentrations of carbon dioxide. Other research 

has shown that high concentrations of carbon dioxide will also con- 
trol insects. Unfortunately, most storage facilities for farmers' 
stock peanuts are not suitable for controlled atmosphere storage. 

The effects of high concentrations of carbon dioxide on peanut quality 
should be determined before using. this method. : 4 


ir 
r 


Bulk storage of farmers' stock peanuts may require aeration with fans 
to prevent moisture migration and mold growth. When warm peanuts are 
stored, natural convection causes warm, moist air to rise to the sur- 
face of the peanuts during cold weather. Moisture condenses on the 
cool peanuts near the surface and will cause mold growth during sub- 
sequent warm weather. Aeration fans may be used to draw cool air 
down through the peanuts to cool them and prevent moisture conden- 
sation. Estimated fixed costs for aeration systems range from $2 to 


ey 
e 
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$10 per ton with operating costs of $.15 to $.40 per ton per year. 
Further studies are needed to determine the feasibility of aerated 
‘storage for farmers’ stock peanuts. 


4, 
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Discussion: | S 
t 
t 
“Mr. C.A. McNair, Gold Kist Peanuts, asked about the feasibility of 
insulating the walls and roof of peanut storage buildings to pre-, 
vent moisture condensation. Mr. J.W. Dickens replied that this ‘may 
nét work since ventilation will be necessary -.and ventilation pro- ~ 
bably would cool the inside of the insulation to the dew point and 
thus cause condensation. 


Me. Dick Johnson, CPC, asked if the shellers are aware.of the pro- 
biem of aflatoxin praceneetan in storage and said that there Bd 
_ ks a Code of Good Practices for shellers. ‘ 


Mr. Jim Miller, AMS, said the Peanut Administrative Committee is con- 
sidering the problem and will discuss it at the next meeting. 


Mr. Jim Thigpen, representing ASCS, asked about the desirability of 
removing LSK from edible grades. Mr.-J.W. Dickens replied that it 
may not be economically feasible, but that removal of LSK would re- 
duce the risk of aflatoxin contamination in shelled peanuts. 
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Sampling - Update 


T. B. Whitaker 


The mean level of aflatoxin in lots of shelled peanuts can't be deter- 
minedrexactly by taking samples from the lot. As a result of using 
samples, a certain number of good lots will be rejected as being bad 
(precessor risk) and a certain number of bad lots will be accepted as 
being good (consumer or manufacturer risk). Therefore, for a given 
Fanrusnoeplan, vhene asvavcertain probability P(M) that a let with a 
piven meanm Level, OM, “will?be atcepted ‘or rejected: A plot of P(M) 
versus M (figure 1) is called an operating characteristic (O-C) curve. 
The 8-C curve along with the prior distribution of all lot means gives 
the risk ievels associated with a certain cempling plan. 


‘Usimzs mode?! simulaticnm, a method has been developed to determine the 


O-C curve for aflatoxin sampling plans. The method has been used ex- 
tensively by the peamut industry over the past several years to design 
and evaluate aflatoxin sampling plans. Figure 2 shows O-C curves 
characterizing the sampling plans used by the peanut industry since 
196%. Assuming lots with a mean level of aflatoxin equal to or less 
tham 25 parts per biilion (ppb) are good and lots with levels above, 
25 ppb are bad, the areas associated with each curve shows the pro- 
gress the industry has made with the sampling program since 1968. An 
O-C curve representing a 48 pound single sampie is shown for compara- 
tive purpeses. The areas in Figure 2 representing the risk levels 
assoriated with each sampling plan are transformed into numbers of 
lots (Table 1) using a prior distribution of all lot. means estimated 
from 1969 sampling data in the southeast. Table 1 shows that each. 
year the industry has been accepting fewer bad lots (BLA) (consumers 
or menufacturers risk) and have let fewer lots with extremely high 
levels (above 55 ppb) through the system (BLA55). The table also’ 
shows that in decreasing the manufacturer's risk the industry is re- 
jecting more total lots (TLR) and rejecting more good lots (GLR). As 
a result, the average amount of aflatoxin (AAA) in the lot accepted 
by the industry has steadly decreased. 


The accuracy with which the risk levels associated with a sampling 
plan are predicted depends in part on the accuracy of the model to 
simulate the distribution of contaminated kernels and the evaluation 
of model parameters. One basic assumption concerning the model is 
that the variability in sampling results is due to sampling error 
alone ic: there is no subsampling and/or analytical error. But 
Figure 3 which is a simplified diagram of the sampling procedure, 
shows that there can be at least three error terms or variance com- 
ponents: sampling (¢;), subsampling (0%, ), and analytical (o* ). 
The sum of the three terms gives the total variability or variance 
(0% } *adecciated with sampling (0, “=o, +o, +09, re 


For small sample sizes (jie: 12 pounds) indications are that on >> 


Sigmon ° . However, as the sample size N. increases one cn de- 

creases Increasing sample size doesn' t reduce Oss or 0” . =iherezore 
2 

there is a sample size N at which of =a0.8 and OAIeaant this point At 


may be more productive to further reduce Oo” by reducing oJ, and/or ont 


As a result, experiments have been aenanenee to quantify the three 
2 
CrrowmstOrms 0.9 ,70ce wand is : Ga was measured formul tiple “12° pound 


sanples drawn from contoninared lots, o,, was measured for multiple 
280 3 subsamples taken from the biota - Satterwhite mill, and 
oO”. wis measured making multiple assays using the standard BF pro- 
Code sith a densitometer. <A regression analysis indicates that 
Oe. ieee ey Ye! is are functions of the mean level of aflatoxin. 

. Figure 4 plots che standard deviation (o = square root of the variance) 
O. ae Uo. » anc J, versus the mean hevied offpaflatuxins 


Ss 


The coefficient of, variation for Saeeeae CV_, for subsampling CV__, 
and fir analysis CV. can be determined from the variance or standard 
‘deviation in Figure 4. GV (%4) =o x 100/My.  Thescoefficient tot vam 
tion for each step of the sampling procedure is shown in Figure 5. 

The CV reflects a 48 pound sample since that is where the industry is 
at the’ present time. In goneral CV decreases as the mean level of 
aflatexin M increases. This is more noticeable in CV. and /CV_j; and 
CV. than CV.. Cbs is almost constant fat. 22205 efhe cy and CV may 
be*Yess than®an average values which represents all labs. One°would 
expect variability among labs to be larger.than the variability with- 
ing a lab. Efforts ‘are presently being made, in cooperation with the 
Experimental Statistics Department at N.C. State University to use 
1971 sampling data to measure the variability among labs. 


Discussion: 
7 " : ak 

1. Dr. W.A.. Pons, SMN, indicated that the CV_ was approximately 10% 

in his lab and that 22% shown in Figure 5 maybe high. Other discus- 

‘sion indicated CV. was vary greatly among labs. Results of International 

Check Series No. 3 indicate a CV = 70% for the BF procedure for 34 labs. 

_ 2. Dr. ©.3. Kensler representing Arthur D. Little suggested that the CV 

given in Breures>. indicatesstosnhim that it is unwise to lower the guide- 

lines at the present time. 
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"1968 1970 
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Bad Lot > 25 ppb 
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Analytical Methodology-Millicolumn 


4 


Cc. E. Holaday Os ae 


The peanut industry urgently needs a better screening method 
and possibly a better quantitative method for aflatoxin in peanuts 
and peanut products. We believe that the millicolumn technique OL 
fers both. 

/ 13m 

For the past 6 months we have made a major effort on improving 
this technique from the standpoint of sensitivity, reliability and 
time. As a result of our efforts we have increased the sensitivity 
to about 3 ppb, the reliability has been substantially improved and 
the time required for making a test has been reduced to 15 minutes 
or Less.” 


--The millicoltumn used in our new procedure is essentially the 
same as the origii.al millicolumn except that it is longer and is 
not equilibrated at 78% relative humidity prior to use. Fifty grams 
of sample are extracted in a Waring Blender with 100 ml. of a mix- 
ture composed of 5% acetonitrile in toluene. Ten grams of diatoma— 
ceous earth are added before extracting as a filter aid. We found 
that the acetonitrile-toluene mixture to be an excellent extractant. 
for aflatoxin. Many other solvent combinations were tried, but nosa- 
gave as desirable results as this combination. The extract is fil- 
tered under vacuum. It is only necessary to collect about 10-15 mis. 
of extract. The extraction and filtration require about 4-5 minetes. 
The next step is the development of the column. The lower end of the 
column is connected to a vacuum source and 3 ml of the extract are 
pipetted in at the top and pulled through. The aflatoxin will remain 
at the top of the column. The column is then washed with about 3 mi 
of hexane added at the top. The vacuum is continued until all of Che 
solvent is evaporated.from the millicolumn. The millicolumn is then 
removed from the vacuum source and 0.7 or 0.8 ml of.a mixture contain- 
ing 44 methanol in toluene is added to the top of the column. As the 
solvent moves down the column, it will move the aflatoxin along itith 
it in the form of a narrow fluorescent band. When the solvent has .tra- 
versed the length of the column the aflatoxin will have moved only a- 
bout 10 mm from the top. The development step requires about 8-10 
minutes. | 


In order to quantitate the aflatoxin represented on the columns, 
we score the column directly underneath” the bands’ with a file. The 
columns are then put back on the vacuum source and washed with 3 mls 
of carbon tetrachloride. The vacuum is continued until all-of the 
solvent is removed, The column is then broken and the silica gel 
containing the aflatoxin is dumped into a No. 541 filter paper and 
washed with three one ml portions of acetone which are collected in 


one 


a 50 ml flask. The acetone is removed on the steam bath or a rotovap 
if one is available. Five hundred ul of toluene are added to the flask 
to dissolve the aflatoxin. About 306 ul of the aflatoxin solution is 


‘then spotted‘on a thin-layer plate. Because this is 20-30 times more 


material thar is normally spotted we developed a special technique to 
accomplish this. We suspend a 1 cc disposable plastic syringe with 

25 gauge needle directly over the thin-layer plate (1/2 ml thick) so 
that the tip.of the needle penetrates the silica gel. We had a metal 
rack made to accomplish this purpose. Another syringe is used to take 
up 320 ul of the solution and transfer to the suspended syringe. The 
spotting will then take place automaticaily. The plate is developed 
in the normal way. For standards we dilute the regular standards 100 
times and spot with the syringe. 


The millicolumm method works even better on peanut meal than it 


does on peanuts. Our results on peanut butter,. however, are not as sat-_ 
isfactory, because of the emulsifiers, sugars, and other ingredients 


add#:-2 to commercial peanut butter. These cause some interferences 

and as a result reduce the sensitivity. The method for peanut butter 
is essentially the same except that only 2 mls of the extract are 
adcad to the columm rather than 3 as with peanuts. This makes it 1/3 
less sensitive. The spots are not as clearly defined and they are 
sli:sj:tly more difficult to quantitate than the spots from peanuts and 
peanut meal, hovever, we believe that a more effective clean-up of the 
aflistcxin while still on the millicolumn will. overcome this. 


The improved millicolumn technique, therefore offers not only a 
sensitive screening method but also a rapid and reasonably simple aoe 


titative method for aflatoxin in peanuts and peanut products. 
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. Analytical Methodology- 
* DE ‘TS IN ANALYTICAL METHODOLOGY AT SMNR 


Walter A. Pons, Jr. ¥ 


My remarks ‘today will cover some of our recent work on analytical 
methods for detecting and determining aflatoxins. In most 
instances these efforts are related to peanuts. 


TOPIC I - Aflatoxins in Soapstocks 


Processing of eflatoxin contaminated oilseeds removes ea portion of 
the aflatoxins in the crude oil. Alksli refining of the oil removes 
these contaminants and concentrates them in the soapstock. Commercial 
ecidulztiion of the elkeline soapstock to recover the fatty acids 

may, Or may not, destroy the aflatoxins depending on the aciduiation 
conditions. Since no method wes evailable for determining eflatoxins 
im Soapetocks we were esked by industry representatives to develop 
such a method. We did develop what we think is a reliable method 

end it was published in JAOCS 47, 226-230 (1970). In this work we 
found that in alikeline solution sflatoxin B, and G, could not be 
detected by crdinary eflatoxin methods since they were present as 

the selis of non-fluorescent hydroxy acids due to the opening of 

the lactone ring(s) of B, enc G,; in elkaline media. -However, mild 
eciéulsviont2 pH 3 es employed in the enalytical method reformed ~° 
the lactone ring and resulted in essentially complete recovery of 


By and %- 3 


We spplied the method to six semples of alksline and five semples 
of aciculiated coumercial peanut scapstocks and found aflatoxin B 
in tien of the eleven semples at levels ranging from 12 to 260 pg/kg 
on a moisture free basis. We found G, in only three of the ten 


contaminated samples, the G) ranging from 12 to 68 pg/kg. 


. - 
- 


TOPIC II - Acidulation of B, and G;. (JAOCcS 49, 124-128 (1972)). 


The finding of B) in several commercial peanut soapstocks prompted 
us to investigate the effect of time, temperature and pH on the fate 
of eflstoxins 5B, and G, under simulated soapstock acidulation con- 
Gitions. Basically we prepared solutions of pure end G, in 
Gilute alkaline solution (pH 12), adjusted these solutions to’ pH 1, 
2 or 3 with sulfuric acid and heated them at temperatures ranging 
frou 40 to 100°C. Aliquots were withdrawn periodically from 15 to 
360 minutes reaction time at given temperature and pH, and analyzed 
for residual B, and G, content. In agreement with observations 
previously reported by Dutton and Heathcote (Biochem Journal 101:21 
(1966)}, Ciegler and Peterson (Applied Microbiol. 1968:665), and 
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Pohland et al. (Js#,0AC 51:907 (1968)), we found that heating 
acidified aqueous solutions of B, and G, resulted in their con- 
version to the hyc:iroxy derivatives B, and G. respectively, 
with the OH group in the 2-position 6 the téYminal furan ring. 
We also uo no li) to be produced by acidulation of Bj. 


A kinevic Study of’ the data showed that the conversion reaction 
was first order with respect to By end Gy and also first order 
with respect to H*™ ion concentration, The conversion reaction 

is strongly pH dependent, and we calculated that the time required 
to convert 95% of original B, to B, at 100°C was seven hours at 
pH 3, 47 minutes et pH 2 and ten minutes at pH 1. Since commercial 
acidulation condit:ions are generally in the range of pH 3-4, the 
need for lower pH curing acidulation is indicated, i.e., if one 
wants to destroy or inactivate B). It might be mentioned that 
Dutton and Heathcote (Chem. and Industry 1968:418) found B, and 
Go, to produce no cietectable toxicity or liver lesions when fed 

to dey old ducklings at 66 times the LD 9 value of B, and 19 times 
that of G,. We fownd in our work that og and Gp, were quite 
unstable in acid solution, and in fact we were not able to detect 


either B g OF G o cin samples of commercial soapstocks which 
contained residual aflatoxin Bi. 


TOPIC III - Rapid jWetection of Aflatoxins: Ges Liquid 
Chromatography (GLC) 


We have explored two approaches for rapid detection of either mold 
or aflatoxin contamination in peanuts and cottonseed, One of these 
is the detection o:f volatile metabolites elaborated by molds, using 
Gas Liquid Chromat:ography (GLC). Working with actively metabolizing 
Aspergillus parasiticus growing-on wet (20-30% H,0) peanuts, we 
swept dry, room texnperature air over the sample and trapped the 
voletiles on an ad:sorbent. After heating the adsorbent and intro- 
ducing an aliquot of the heated head space gas into a gas chromatograph, 
we found acetaldehyde, methanol, ethanol and acetone to be the prin- 
cipal volatile met:abolites. When weight mixtures of wet moldy to 
dry sound peenuts :renging from 1:70 to 1:1400, were analyzed by the 
eir sweeping and adsorbent trapping of volatiles only acetone was 
detected in significant amounts. Moreover, when we air-dried wet, 
moldy peanuts (30% 8,0) to normal moisture levels (6% H9), acetone 
and other volatile metabolites were lost, and the technique was 
inapplicable. Similar results were obtained with Segregation III 

mold contaminated cdiry peanuts, indicating that the technique was 
only applicable fox detecting actively metabolizing mold, 
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TOPIC IV - Ropid Millicolumn Detection of Aflatoxins 


-In the fall of 1970 we-were urged by members of the cottonseed 
industry to develop a rapid and simple method for detecting 
aflatoxins in cottonseed, hopefully within 5 minutes, We first 
explored C. E. Holadey's rapid millicolumn method for detecting 
aflatoxins in peanuts, but found it inepplicable to cottonseed due 
to interferences from gossypol and lipids extracted by the chloro--. 
form:methanol (97:3) extraction solvent of Holadey's method. We 
thought that Mr. Holaday's original idea, i.e., the use of a smail 
column {4 mm I.D.) filled with silica gel to detect aflatoxins in 

G rapic chromatographic separation was a good one, and we used his 
basic idea in the method we developed for cececting aflatoxins in 
cottonseed products within 15 minutes. Basically the method 
involves a rapid blender extraction of the rample With aqueous 
ucetonitrile. “Acetonitrile:water is a poor sipid solvent, but an 
excellent solvent for extracting efletoxins. An aliquot of the 
erude extract was then shaken with 3 ml of benzene and salt 

eOluticn in a funnel for 30 seconds to phasically transfer the 
aflatoxins into benzene. This simple phasic transfer removes inter- 
ferences due to the water in the solvent, separates aflatoxins from 
most residusl interferences, and concentrates the aflatoxins 5-fold - 
over that in the originel extract. Next we dipped a millicolumn 

(i mm X.D.) filled with zones of acidic alumina end dry silica gel 
into the benzene extract and wicked a portion onto the column, The 
column was then developed for 5 minutes in a chloroform:acetonitrile: 
e-propunol solvent and examined under long wave UY light, The 
presence of aflatoxins was denoted by a sharp blue fluorescent band 
ca lcm above the alumina zone. The acidic elumina served to strongly 
adsorbd gossypol pements in the extract, and the development solvent 
used gave a sharp sflatoxin band. The entire method required only 
15 minutes, and the sensitivity was about 10-204.yge/kg of aflatoxin. 
This method was presented in October 1971 at the AOAC Meeting and 
will appear soon in JAOAC. te 


Shortiy after presenting the millicolumn method just described we 
received numerous inquiries as to whether the technique was appli- 
cable to peanuts, corn, tree nuts and other commodities. We decided 
to test its applicability as a more general screening method and 
found that with minor modification, it was applicable to oilseeds 
including peanuts, peanut meal, soybeans and soybean meal, flax 

and sunflower; to tree nuts including almonds, pecans, walnuts, 
cashews, brazil nuts, filberts and pistachios; to grains including 


yellow and white corn and cornmeal, rice, oats, barley, wheat and 
sorghum, hoe vot 


- 


_ The modification just mentioned involves a quick lead acetate 
treatment of the crude extract to remove interfering pigments 
such as chlorophyll, xanthophylls, flavones and chlorogenic acid 
in some agricultural products. The lead acetate treatment adds 
ca 5 minutes to the procedure but-it gives very clean extracts 
and in most‘cases allows detection of aflatoxins at levels as 

low as 10 pe/ke. It is not required for peanuts but is necessary 
for peanut meals. Anyone interested in this rapid detection 
method may obtain it by writing to our Laboratory. 


TOPIC V - Aflatoxins in Eggs, Tissues end Milk 


Guite recently we were given an assignment to develop suitabie 
-‘methosology for detecting and measuring aflatoxins in eggs and 
tissues at levels as low as O.l pg/ke. The purpose of sucha ~ 
methaai was to determine in controlled feeding experiments how 
‘“tuch afletoxin B, was transmitted to cggs and tissues, and what 
level of aflatoxins could be safely permitted in feeds to assure 
mo trensmission into eggs or tissues. J will not attémpt to 
describe the method but will merely state that this problem 
turned out to be a formidible one, particularly with eggs. The 
method which we eventually ceveloped is capale of reliably 
measuring aflatoxins st levels as low as 0.05 pg/kg, and we have 
actuslly measured aflatoxin B, at a level of 0.02 pe/kg in eggs 
from experimental diets fed to laying hens. 


. We found that the method developed for aflatoxins in eggs and 
. tissues could be adapted as a simple and fairly rapid method 
applicable to determining aflatoxin M, in milk at levels as low 


as 0.1 pe/L of liquid milk, 





The method for eggs and tissues and milk will be Raum ited fon 
publication in the near future. , oe 


’ 
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Discussion: 


~ 


Question (Unknown): Will SMNR millicolwm method work on peanut 
ie, butter? 
Answer (Pons): We have not tried it as yet for peanut 


butter. Dr. Pohland of FDA stated that they 
found it to be applicable in a few tests on 
peanut butter. 


Qucs tion (Unknown ); When will feedings experiment to check possi- 
ble aflatoxin transmission into chicken eggs 
_and tissues be done? 


Apsver (Dr. Senti): Th eats on . future; planning of experiment not 
, complete as yet. 


Staterant made by A. D. Canobell (FDA): 


The SINR millicolwem method is in use in Turkey and Iran to screen 
pistachios for aflatoxins. It has also been sent to FDA district 
labs as a Laboratory Information Bulletin fo. their use (FDA) in > 
screcning commocitices. ‘ 


Witnoyepard LO: Ghne- COMLCE GYD. Boa, r. Campbell stated that FDA fed 
Beq to trout and found it was not acu tely toxic but had chronic 
toxicity. In reply to a question about toxicity of citrinin, 

Dr. Campbell said not much is known about Citrinin toxicity as yet, 
but it is a carcinogen. ; 


Question (Kensler ): What is sensitivity of SMNR methods for ~- - 
aflatoxins in eggs and milk? 


Answer (Pons): Eggs down to 0.05 ppb; milk-is 0.1 ppb 
without column chromatographic cleanup and 


lower if column cleanup is used. 
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Analytical Methodology - Comments from AMS | 


AMS/PAG Peanut Aflatoxin Analytical Program 


John B. Wegeher 


We have 10 laboratories analyzing peanuts,’ peanut products and other 
commodities for aflatoxin. 


We are currently testing all of the Brazil nuts imported into this: - 
country, some 300 lots per yeare This is the fifth year for this 
program and we feel it has been very sucessful. .No lots have been 
found the last two years containing actionable levels of afltoxin. 
In the earirer years we rejected some shipments. 


We are about to start on a similar program on pistachios and interest 

has alsa teen shown by the industry to have pecans testede 

Our 10 .AMS laboratories run about 30,000 samples of peanuts, 2,000 
samples of peanut butter and 1,000 samples of other odds and one 

each year for aflatoxine 

The USDA purchases of peanut butter, for the last two years, had no. 

measurable levels of aflatoxin, and we consider this to be a mark of 
the success of the aflatoxin program. 


« 


Our original lot sample size has increased over the years from 2 lbse 
evese weru tS Gur 2elbse, 24lbs«..to-the present 48 lbs. Beojected 
by Mr. Fred Whittaker. 


Initially our analytical method was rather: crude - we had pure. standards 
for only aflatoxin Bl and Gj. We didn't know that B2 ang G2 existed. 


The sensitivity was approximately 10 ppb. Today we have pure standards 

for the four aflatoxins and have increased the sensitivity to 2°~ 3-ppb 

on our TLC plates. So we have made some progresse Of course, Walter Pon's 
method on eggs, sensitive to 20 - 50 ppt, makes our work look: rather 

crude again. 


Under the sponorship of PAC we exercise technical control for them over 
all laboratories who qualify as a PAC laboratory. There are approximately 
50 laboratories in this group - 10 AMS,a half dozen comercial chemists, 
and the balance manufacturers or user's labs. 


There are about 3,000 lots of peanuts produced each year by the shellers. 
Y estimate that the above laboratories run well over 100,000 analyses on 
these peanuts each year. That represents a lot of work and a big 
expenditure of money. Reet ENS | 
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In order to get a picture of the analytical capability of these laboratories, 
we have had an active quality assurance program for the past four yeare 
The analytical method used is the BF, and I have personally visited all 
of these laboratories to observe their technique and equipmente We send 
out collaborative samples periodically. The samples are deoiled peanut 
meal or ai lour,. 2inely enough ground to pass a 100 mesh screen. We chose 
this form of sample rather than a truly homogenous one such as peanut 
butter because over three-fourths of these laboratories do not routinely 
run peanut buttere 


‘fhe cockficient of variance for these 50 laboratories has ranged from “Tip 
25-40%. Lhe G. Ve Lor our 10 AMS labs, for the same samples, has ranged 
from 29-30%. The best agreement was reached when a prediluted aflatoxin 
standerd-was supplied with each samplee A Ce Ve of 25% was. obtainede .. 
Because of the difficulty in providing standards we have «discontinued 

this awd as 2 result our Co v.'s have increased againe 





| 
We have observed that as the average level of aflatoxin in the collaborative: 
test sample cecreases the Ce Ve tends to increas€e This is due, I believe 
primarily to the sensitivity of the ‘method rather than the competency of 
the latoratoriese 


e 


SAMPLE AVERAGE. Se De Ce -Ve 


W-1-70 36.6 + 9.3 25.4 
W-2-71 enn22 33 eee: eiearet 


In other words, applying 1 S--De to the average of sample W-1-70, 36.6 

+ 9.3 gives a VATiAtion OF 25eo CO Herne treating sample W-2-71 in the 
Same manner results in a much greater spreade fe 

We believe the PAC aflatoxin program has been quite successful, and the 
industry should be commended on their efforts. We believe the PAC 
laboratories have done good analytical work, in spite of Ce Ve's of 

30 to 40, and they too should be commended on this showinge , 


£ 
r 
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Analytical Methodology - Comments from FDA - 


A. D. Campbell 


Adequate methodology is currently available for the analysis of 
atlatoxins to carry out FDA's mycotoxin regulatory programs. For 
this reason we do not have continuing research projects on aflatoxin 
wnalytical methods but work on specific problems as they arise. In 
this regard, many of you are aware of the apparent discrepancy 
between the CB and the BF procedures for peanuts and peanut products 
as indicated ty the results from the International Aflatoxin Check 
Analysis Series. In several of the samples, the CB procedure gave 
higher results than the BF. In these instances the levels of. 
contamination were high enough so that the differences would not be 
of practical significance for regulatory decisions. Preliminary 
sesuits from the follow up peanut butter cample which had a level of 
contamination very close to 20 ppb indicate no significant difference 
butween the two methods at this level of contamination. We are 
planning some research employing radio actively tagged aflatoxin which 
we feel will provide adequate data so that a practical answer can be 
@btained to this problem. : 

‘we direct most of our analytical research efforts toward mycotoxins 
ether than aflatoxins and toward problems where methodology with the 
mecessary sensitivities are not available, such as methods for the 
Getection of aflatoxin M in milk and milk products and aflatoxin in 
edible tissues of meat animals. : 


We are enthusiastic over the potential use of the rapid screening 
aflatoxin method ("millicolumn" method) developed for cottonseed by 
the USDA Southern Regional Research Laboratory. I had just returned 
from a special assignment in Turkey and Iran involving aflatoxin 
contamination of pistachio nuts when I listened to Walter Pons' 
presentation of the method at the AOAC meeting. Walter visited our 
laboratories after the meeting and as a result of our discussions and 
the need for a rapid procedure for pistachio nuts, Walter and Stan 
Nesheim adapted the method to pistachios by the incorporation of a’ 
lead acetate cleanup step. This modified version was immediately 
supplied to interested parties in Turkey and Iran. A little work 

in our laboratories indicated its desirability for more general 
application and we are taking steps to introduce it as a first step 
in the analysis of various samples in our regulatory program. It is 
our current feeling that it will find an effective use in these 
programs. (Copies of the method as we employ it can. be obtained 


upon request.) 


3 - 4&8 
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We arc very interested in the current work being carried out by the 
USDA and by industry in the investigations on the detoxification of 
cottonseed, cottonseed meal, and coconut meal. The results from 
anmoniatidn studies appear promising at this time. Food Additive 
Regulations already exist for ammoniated cottonseed meal and ammoniated 
rice hulls so that the process is acceptable for some animal feed 


treatments. Our concern is with the potential toxicity of the aflatoxin 


- alteration products resulting from the treatment. As you have already 
learned here today two year rat studies being conducted by the United 
States Department of Agriculture are nearing completion. Industry 

has conducted experiments with dairy cattle and a joint industry- 
USDA-FDA-University project is investigating the effect of feeding 
evible tissues (fiver and red meat) from these cattle to rainbow 
trout. et ee 


° 


pr. Cole's report of finding citrinin as a contaminant of peanuts is 
of considerable interest. Professor Krogh of the Royal Veterinary 
amd Aycricultural Yniversity in Copenhagen V. Denmark is about ready 
to conduct a cozliaborative study on a method for this mycotoxin 
under the auspices of IUPAC. Some of you may be interested in 
collaborating in this study. : “iy gy 
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Removal, Inactivation, and Protective Factors 


ie L. E. Vix 


Protective Factors 


This erea of research centers on biological investigations to 
determine whether there are protective factors in peanuts which reduce 
UiesGercanogenic.y Or toxicity of aflatoxin., flo this end, on 
June 24, 1971, ANS awarded e 2 and‘one~half-year contract ($65,916) to 


the Pein Alwani Research Foundation, Madison, Wisconsin (Project 


Leader Dr. Paul ¢. Nees). The objective of this contract is to deter- 
mine If peanuts and peanut products contain factors that protect rats 
from adverse physiological effects, including hepatomas, caused by 
long-term ingestion of aflatoxin. 

Tne protocol for the long-term study as presently defined will 
utilize the Charles River Inbred Strain CDF (Fisher 344 derived) male, 
Gepaewe Lacoxine (ecding. Levelsoor. 0, 15 01:5,.50,..and .cOO ppb; and 
peanut butter supglementation at 25% of total diet. 


Diets include the following: 


Qe Semi-synthetic basal with simulated conmercial peanut butter 
at the four levels of aflatoxin contamination from peanut sources. 


b. Semi- -synthetic basal at zero level (aflatoxin) and the four 
levels of aflatoxin contamination obtained by addition of pure 
aflatoxin to correspond to the composition and levels of fr 
in (a) above. x 


c. Semi-synthetic basal with simulated commercial peanut butter 
at zero level (aflatoxin) and the four levels of aflatoxin contamination 
obtained by addition of pure aflatoxin to correspond to the composition 
and levels of aflatoxin in (a) above. oa 


d. Semi-synthetic basal with cottonseed meal at zero level 
(aflatoxin) and the four levels of aflatoxin contamination obtained 
froa a cottonseed source. 
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Phe basal ration and peanut butter or cottonseed meal supplement are 
all formulated to provide 20% protein. 


Observations on the animals include body weights, food consumption, 
hemotology, end other biological tests such as enzyme studies, acute 
organ damage, capillary fragility, urinalysis end gross and 
histological examination of tissues. All necessary materials, such as 
peanut butter, cottonseed meals, and pure aflatoxin have been obtained. 


Preliminary feeding tests were started December 23, 1971, and after 
eight weeks, body weight and food consumption data with diets a, b, and 
¢, showed no abnormal differences as a result of feeding aflatoxin at 
the test levels chosen. Also -no chemical eff2zcts of aflatoxin feeding 
have been observed. . ; ni 

A definite body weight, food consumption and feed efficiency effects 
vere noted in the enimals fed cottonseed meal (diet ad). This was 
apparently due to palatability problems resulting in low feed consump- 
tion and possibly to the high free-gcssypol content of tne control 
cottonseed meal. The control cottonseed meal was apparently the 
causative agent and an ettempt to replace this meal with a more suit- 
able material nas not been successful... However, continued efforts are 
being made to obtain a more suitable cottonseed meal. The first 8 to 10 
week results are to be considered as preliminary, and more Fisher 344 
derived rats have been ordered to initiate the long-term feeding tests. 


Removal - Physical Separation 


it has been our experience, and that of others who have reported, that ) 
the vast majority of the eflatoxin in contaminated peanuts (and also in © 
cottonseed) generally resides in a relatively small number of seeds. - 
This snould afford an exceptional opportunity for effectively, yet 
economically, reducing aflatoxin content by mechanical removal, of those 
few seeds or kernels that may have become contaminated. It has been 
demonstrated repeatedly that the levels of aflatoxin in peanuts . 
correlate with the number of shrivels, rancid and discolored kernels. 
When these substandard materials are separated from the rest of the 

nuts, the remaining high quality nuts are virtually low or free of 
aflatoxin. Tnis culling of substandard peanuts is typically accom- 
plished at shelling plants, by removing discolored and shrivelled . 
kernels byhand-sorting or by electronic-sorting devices which examine 
each kernel individually. Segregation after blanching or after 
splitting peanut kernels through electronic-sorting, as practiced in 
the U.S. peanut industry today, does offer a means of removing the 


‘ 
, 
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small. Peete r tare of Er larocia contaminated peanuts and renders the 
rest of the processed peanuts (over 95%) as a product with an accept- 
able level of aflatoxin; i.e., below guideline tolerances. But the 
WecuAce procedures (without roasting) used have a somewhat adverse 
effect on the ultimate flevor of the peanuts, especially when such 


ea are processed into peanut butter. As a result of this 


problem ARS initiated a research contract ($111,667) on June 1, 1971, 
at the Agricultural Experiment Station, Oklahoma State unireraiey! 
Stillwater, Oklahond. (Project Leader - Dr. B. L.Clary, 

Dr. G. H. Brusewitz, and Dr. G. O'Dell associates. ) The Suyaeakiss 
of this researcn is to develop a pilot plant scale blanching process 
(without roasting) in which aflatoxin contaminated kernels can be | 
removed by electronic sorters to obtain blanched peanut kernels with 
flavors that are acceptable for food products. ‘The contract is for 
two and.one-half years and embodies research to evaluate four types. 


‘ of treatments for the removal of skins from kernels. These four 


treatments arc heating, wetting, chemical treatment (such as mild 
alkalies), and freezing (cryogenic). For each treatment different 
levels of moisture content, temperature and holding times are being 
investigated. 
The first six months of this contract have been devoted to the design 
and development of equipment for conducting the various treatments. A 
lots of selected peanuts with and withoutaflatoxin have been obtained. 
Research on all four treatments are underway, and tests on the best 
heat treatments for blanching procedures are nearly completed. The 
uccessful blanching procedure developed for the different treatments 
wd be tested for removal of aflatoxin contaminated peanuts. An 
ESN, (Electronic Sorting Machine) color sorter has been. obtained and 
calibrated for use in this research. : 


One phase of electronic-sorting being investigated is the type of. . 
light to be used. Dr. Brusewitz has recently ‘investigated, through 
spectrophotometric research, effects of visible, fluorescént (ultra- 
violet) and infrared light on high aflatoxin contaminated peanuts with 
and without skins. Evaluation of these four types of light is not yet: 
completed. ; eee Me F 


As the research progresses, lots of sorted blanched peanuts with 
acceptable levels of aflatoxin will be tested for mdisture, lipids, 
oil, peroxide value, and free fatty acids. Organoleptic tests will be 
determined on peanut butter produced from those lots of peanuts with 
less than 20 ppd of aflatoxin. 


After evaluation of. all results from the four treatments, a suitable 
. wetho@ will be selected and developed on a pilot plant scale for 
continuously blanching peanut kernels and removing aflatoxin 
contaminated kernels to produce. materials suitable for food - uses © 
such as peanut butter. a? > : 


“We are working closely and cr ousty with the contract iedadrae 
Dr. Clary and Dr. Brusewitz are scheduled to visit us on = i, ae 
to review and discuss their progress to date. 6 
Another physical separation technique which is" showing some promise 
for separating eflatoxin contaminated material from cottonseed is a 
Zig-ZLeg Separator. We now have a pilot plant installation at our 
Laboratory. hs have obtained a pure meat (whole and cracked) 
frzztion, free of bulls, representing about 55-60% of the-available 
_ meets, with a #2vel Sristonin below 10 ppb from a lot of cracked, 
huzied sae oe ae with a total aflatoxin content of 300-400 ppb. Later 
th: whit will te tested for possible removal of aflatoxin contaminated 
pezmut kernels from contaminated lots. Some previous work with 
cenuts using Cevices similar to the Zig-Zag Separator has been 
TECOrLed. 


Still another prysical separation technique under study at our  . 
Latoratory is e Lliquid-flotation process. Limited success has al- 
reudy been achieved in concentrating the aflatoxin contaminated, 
delinted cottonseed in a fraction (15% by weight of the original 
material) which floats on the surface of the liquid mediun. . 


Removal - Solvent Extraction 


Good potential for removing Erlator in is offered by extraction with 
solvents during processing of various oilseeds such as peanuts to 
oil and meal. Current processing practices of contaminated peanuts ~ 
and cottonseed, either mechanical expressing or extraction with 
commercial hexane, leaves in the defatted meal the vast ee ga of 
aflatoxin that may be present in the seed. ; 
Afiatoxins are not soluble in hydrocarbon solvents such as hexane 
which are usually used in processing oilseeds, but they are readily 


soluble in many polar solvents. “ 
- 


Four solvent extraction processes have been studied at our 


Laboratory, and results have been published for removal of aflatoxin 
from contaminated seed such as peanuts. They are: 


i. A solvent system of acetone, hexane, and: water (such as 
o4-4h-2% by weight, respectively) was found (Gardner, Koltun and Vix) 
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to remove aflatoxin readily and quantitatively from prepressed peanut 
meal. Levels about 25 ppb were achieved for contaminated prepressed 


“peanut meal’ nigel ppb). 


ag ae acetone -30% water (by vedio) mixture (Pons and Eaves) 
extracts gossypol and aflatoxin from aflatoxin contaminated flaked 
cottonsced meats. Reductions of aflatoxin by 96-95% have been obtained. 
The essentially full-fat product, now practically free of any 
aflatoxins that may have been present, can: be processed for oil 
removal by conventional means. This solvent system is potentially 
applicable to peanuts and other oilseeds as well. 


-3. -A binary solvent system of 90% acetone-10% water (by weight) 
has teen used (Gardner, Koltun, and Vix) Loretfectively remove 


eflatoxin to a level below 10 ppb in aflatoxin contaminated peanut 
meal (113 ppb originally). 


kh. A Dinery solvent system of either 80% isopropanol and 20% 
water, or the azeotrope 87.7% isopropanol and 12.3% water (by weight) 
has been studied (Dollear and Rayner ) for the removal-of aflatoxin 
fron contaminated peanut meals. The 60-20 mixture more ee asily 
removed the aflatoxin to acceptable levels; in some cases as low as 
3 ppb. . - 
Of the four approaches we feel that the aqueous isopropanol 
extraction of ee meal is the most ae for several reasons: 


A. Tbe O11. meee is not involved. 


B. Preonrocenot has been approved by FDA for producing an. 


edible fish protein concentrate. 


= - 
-_ 


C. Levels up to 250 ppm of isopropanol are allowed in oe fish 
protein concentrate. Thus drastic desolventization is not re4uired. 


D. Little odor or undesirable ikon remains in the isopropanol 
extracted meal. 


E. It is believed that the meal quality from nutritional 
standpoint is not generally affected. 


F. Some conventional extraction equipment with modification can 


be used. 
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The probably cost of an installation.for extraction of 100 tons of 
meal per 2/-hour day ranges from $500,000 to $700,000. Operating 
costs (including amortization) for an operation of 250 days per year 
is estimated at about $13.00 per ton of meal extracted with 
isopropanol. 


At our Leboratory material extracted from the aflatoxin contaminated 
cottonseed meal with an 0% isopropanol -20% water solvent system was 
treated with various reagents to inactivate the aflatoxin present. 
The intended purposc of. this jnactivation is to eliminate a serious 
dispusul problem and to winimize weight loss of extracted meal. 
Several Greatments have, been found to be effective for destruction 
of sflatoxin in the aquecus isopropanol extriction.- Probably the 
most promising is tinat-with calciwn hydroxiae.. For example, treat-~ 
‘ner with 3% calciwa hydroxide at 100°C for one hour destroyed - 
essentially all the efletoxin in the diluteu extract. 


As am outgrowth of Dr. Goldblatt's presentation entitled "Progress 
in Fadimination of Aflatoxin from Peanut Products" at the meeting of 
the African Groundmit Council, Dakar, Senegal, March 2h, 1971, a 
delegation representing Puropcan ana West African oilseed interests 
vistted our Leboratory in New Orleans in Febvuary 1972. They were * 
deeply interested in our extraction work to semove aflatoxin and 
found our research results and suggestions to be of preat benefit to 
them. As an outgrowth, they are looking into the potential use of a 
ternary ezeotrope consisting of hexane-isopropanol-water in the 
proportior of G4:12:4 (vy weight) for the removal of aflatoxin in 
contaminated peanuts. They are also looking into the addition of 
aqueous ammonia to the ternary azeotrope to effect a still lower 
level of aflatoxin (as low as 25 ppb) in the extracted meal. This 
system was of particular interest to DeSmet because this Europeen - - 
firm has a patented refinery process using this ternary azeotrope. 

mat 
Noteworthy of mentioning is that at our Laboratory we have success- 
fully prepared, by classification techniques, a white, bland protein 
(68-70% protein) from unblanched, finely ground, direct hexane 
extracted flaked peanut kernels. Both liquid ana air classification 
are being investigated. . - 


a 
Pad 


Besides achieving a protein concentrate fraction free of skins, we 
are looking into the distribution of aflatoxin in the “overs" 
(protein concentrate) and "unders" (fractions). We believe for 
several reasons (some evidence already obtained) that we might direct 
most of the aflatoxin in contaminated peanut meal to the "unders," 
particularly through liquid classification using only hexane. 


Inactivation 
Significant reduction in aflatoxin has. been obtained in contaminated 
peanut kernels under roasting conditions which Simulate wha that 


. might be used for producing peanut patter 


Our Laboratory nik two publications reporting the aes of such. 
research: one authored by Lee, Cucully, and. Goldblatt; and the other 
by Lee, Cucullu, Franz, and Pons. ~ ; 
Publishea results of additional research (Mann, Codifer, Gardner, 
Koltim, and Dollear) at our Laboratory show the rate of aflatoxin 
destruction in sontaminated cottonseed meal by a treatment at 100°C 
for a range of naisture from 6 to 30% and a treatment time up to 

two and cne-ha}l~ hours. The most severe treatment reduces the afla- 
toxie level fro. 1k ppb of B, to about 20 ppb. Such treatments have 
a sigiler effect. on the reduction of aflatoxin in contaminated peanut 
meal. - 


However, it was concluded that the application of heat, moisture, 

and time alone does not provide a satisfactory method of inactivating 
afletoxiz in oilseed meals. The addition of appropriate chemicals 

is necessary. ‘io this end, many chemical treatments were evaluated * 
for the inactiv=iion of aflatoxin in contaminated peanut and cotton- 
seed meals. Results revealed that certain chemical treatments, 
particularly alxali treatments, showed pion ee for ey 
inactivation of aflatoxin. re 





or art the chemical treatments studied, ammoniation showed the best 
potential and, hence, extensive work was carried out in the Laboratory 
pilot plant and in cooperation with industry. This work has been 
summarized in a publication entitled "Inactivation, of Aflatoxin-in ~ 
Peanut Meal and Cottonseed Meal by Ammoniation" by Gardner, Koltun, 
Dollear, and Rayner, and is also covered in U.S. Patent 3,429,709. 


Aflatoxin (111 ppb) in peanut meal can be inactivated in the range 

of undetectable to <5 ppb under rather mild conditions. These condi- 
tions are: time, 15 minutes; moisture, 15%; temperature, 160°F; and 
ammonia pressure, 42 psig. The nitrogen content of: the meal was 
increased by about 0.5% as a result of the treatment. . 


For some pressing reasons, contaminated cottonseed meal was used as 
a model meal. Tons of contaminated cottonseed meal (519 ppb) have 
been successfully inactivated to levels from none detected to 

- 3-6 ppb by treatment with ammonia. The optimum conditions to achieve 


’ 


the @esired reduction were: treatment time, 30 minutes; moisture, 
12-14%; temperature , 210-250°F; and ammonia pressure, 30 psig. 
The nitrogen’ content of the meal was increased by 0.8-1.0% as a 
result of amMoniation. 

‘ 
The probuble cost of an installation for ammoniation of 100 tons of 
contaminated. meal per 24-hour day is estimated to be about $200,000. 


‘Operation costs (including amortization, etc.) for an operation of 


250 cays per year is estimated to be about $7.00 per ton of meal 
ammoniated. 


With the assistence of our Western Laboratory (WMN), FDA protocol 
was established and necessary feeding tests with the ammoniated cotton- 
seed meal are underway. These are: an 

Rat. Two years; conducted at WMNRD. Commenced June 1970. 
Results of 18 months of feeding rats indicate no detrimental effect 
from the ammonia treatment. 


Trout. A one-year trout feeding trial was begun in May 1971 by 
Professor R. O. Sinnhuber at Oregon State University. ‘In this test 
cottonseed meal was used. When examined after 8 months, the trout 
receiving the aflatoxin contaminated cottonseed meal in their ration 
had essentially a 100% incidGence of hepatomas. The trout receiving 
treated aflatoxin contaminated cottonseed meal showed a low incidence 
of hepatomas, 1/20 to 3/20. Three treatments were included in the 
test: (1) ammoniation, and extraction with (2) aqueous isopropanol 
and (3) extraction with aqueous acetone. However, there was also 
a low incidence of hepatomas (1/20) from the control ration which pre- 
sumably contained no aflatoxins. Accordingly, Professor Sinnhuber 
suspects cross-contamination and he is repeating the test. ae, 
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—-- Discussion: : 














‘Question (Kensler): 


ot 
Answer (vix): 
Question (Kensler): 


Answer (Vix): 


Question (Unknown): 


Answer: ees 
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What were aflatoxin levels in the feeding 
tests with peanut butter (WARF Contract)? 


0, 5, 15, 50, and 200 ppb. 


Will wet blanching tend to induce bacterial 
contamination in peanuts? 


Yes; but the drying condition used in wet 
blanching can be a means of control. 


Is any inactivation treatment other than 


calcium hydroxide being used on: Copra? 


No one had any information. Dr. A. D. Campbell 
stated that FDA examined calcium hydroxide 
treated Copra via chick embryo test and found 
no toxicity. Treated Copra had O PER. 


With regard to ammoniation of cottonseed 


meal, Dr. A. D. Campbell (FDA) stated that they 


found the ammoniated product to contain no 
measurable aflatoxins, and it was non-toxic 
in chick embryo test. He thinks the 


. ammoniation approach is quite promising. 


. 


Comments from Research Committee of National Peanut Council 


we 


G. F. Hartnett 


NN 


Mr. Hartnett indicated that the Research Committee is particularly 
interested in the following subject areas: 


UWE WhH eH 


Genetic resistance and natural inhibitors 
Harvest, drying and curing 

Storage 

Bilanching 


. Loose-shellied kernels 


The Committee will file a statement on their reaction to these 
progress reperts.and their recommendations Oe ue work. 
(Seeretary'=s Note) : 
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- Federal 


USDA ARS W. K. Bailey, Beltsville, Md. 


HEW FDA 


J. L. Butler, Tifton, Ga. 

R. J. Cole, Dawson, Ga. a 

J. W. Dickens, Raleigh, N. C. 

L. Feinstein, Hyattsville, Md. 

C. Golumbic, Hyattsville, Md. 

C. Holaday, Dawson, Ga. 

Pons, Jr., New Orleans, La. 
Schroeder, College Station, Texas 
Senti, Washington, D. C. 

- EF. Vix, New Orleans, La. 
Wells, Beltsville, Md. 
‘whitaker, Raleigh, N. C. - 
Higgins, Washington, D. C. 
Knapp, Washington, D. C. 
Miller, Washington, D. C. 
Wegener, Washington, D. C. 
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Campbell, Washington, D. C. 
Pohland, Washington, D. C. 
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Industry es | : 


Allen, E. J. Brach & Sons, Chicago, I1). 

Currier, National Peanut Council, McLean, Va. 

P. Donaldson, Georgia Peanut Commission, Tifton, Ga. 

B. Freeman, Southwestern Peanut Shellers, Dublin, Texas 

F. Hartnett, G. F. Hartnett & Co., Inc. & NPC, Northfield, Ill. 

S. Hardwood, M&M/Mars, Albany, Ga..- 

F. Hidalso, Proctor & Gamble, Cincinnati, Ohio 

E. Hunter, Proctor & Gamble, Cincinnati, Ohio 

E. Jenkins, Tom's Foods, Ltd., Columbus, Ga. 

R. Johnson, CPC International, Inc., Englewood Cliffs,.N. J. 

J. Kensler, A. D. Little, Inc., Cambridge, Mass. 

E. Mack, National Confectioners Assn., Peanut Butter Mfrs. Nut 
Salters Assn., Washington, D. C. ; 

N. Manley, M&M/Mars, Albany, Ga. 

D. McClees, H. B. Reese Candy Co., Hershey, Pa. 

McDowell, Lance, Inc., Charlotte, N. C. 

A. McNair, Gold Kist Inc., Atlanta, Ga. 

A, Parker; CPC International, Inc., Union, N. J. 

G. Ruark, Consultant, Ridgewood, N. J. 

L. Sexton, CPC International, Inc., Union, N. J. 

J. Tiemstra, Derby Foods, Inc., Chicago, Ill. 

E. Tierney, Derby Foods, Inc., Chicago, I11. 

E. Thigpen, Consultant, Washington, D. C. 

Trout, Hershey Foods Co., Herskey, Pa. 

C. Zekert, Planters Peanuts, Suffolk, Va. 

S. Sugg, NC Peanut Growers Assn., Rocky Mount, N. C. 








